Intravenous recombinant tissue plasminogen activator is an established therapy for adults with ischemic stroke. In this Greater Cincinnati/Northern Kentucky population-based study, 8% were eligible. However, no established therapy exists for children with acute ischemic stroke. Accordingly, investigators assessed rates of eligibility for recombinant tissue plasminogen activator therapy among children (<18 years of age) in the same population to aid planning of future clinical trials. The investigators identified 29 pediatric ischemic strokes during 3 separate study periods (1993-1994, 1999, and 2005) and determined potential eligibility for recombinant tissue plasminogen activator therapy based on 2007 American Heart Association guidelines for adults. Depending on how relative contraindications were considered, 1 to 3 cases (3%-10%) met eligibility criteria. On the basis of national pediatric stroke incidence rates extrapolated from our population, it is estimated that up to 178 children might be eligible for intravenous recombinant tissue plasminogen activator therapy annually in the United States. Thus, recruitment for clinical studies is likely to be challenging and requires a concerted multicenter effort.
The annual incidence of pediatric ischemic stroke in the United States is estimated to be between 0.58 and 3.6 per 100 000. [1] [2] [3] [4] [5] [6] Pediatric ischemic stroke is associated with a 2% to 11% fatality rate and up to a 20% recurrence rate. [7] [8] [9] [10] Approximately 70% of children who survive an ischemic stroke have a lifelong neurological deficit. 11, 12 For adults (18 years of age) with acute ischemic stroke, intravenous recombinant tissue plasminogen activator is a US Food and Drug Administration-approved therapy that has been proved effective in reducing disability. 13, 14 There is no established therapy for children with acute ischemic strokes.
The literature regarding the use of recombinant tissue plasminogen activator in pediatric patients with acute ischemic stroke is limited to observational data. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Among 2904 pediatric ischemic stroke admissions from 2003 to 2006 in the Nationwide Inpatient Sample, 46 (1.6%) cases received intravenous and/or intra-arterial thrombolysis, including 24 who received only intravenous recombinant tissue plasminogen activator. 26 Similarly, a multicenter, observational, prospective registry by the International Pediatric Stroke Study (IPSS) group reported use of thrombolysis in 15 (2.2%) cases among 687 ischemic strokes from 2003 to 2007. 27 For 7 of the 9 cases in the IPSS registry receiving intravenous-only recombinant tissue plasminogen activator, timing and dosing of intravenous recombinant tissue plasminogen activator varied substantially from the standard adult regimen of 0.9 mg/kg at less than 4.5 hours; 3 patients were treated at 5.5, 20, and 52 hours from symptom onset and 4 received alternate dosing. Only 7 of 15 (47%) thrombolysis cases in the International Pediatric Stroke Society had favorable outcomes, with mild or no deficits at 90 days. 28 American Heart Association pediatric stroke guidelines recommend against intravenous recombinant tissue plasminogen activator treatment for children with ischemic strokes outside a clinical trial, with the exception of older adolescents who otherwise meet adult eligibility criteria, for whom consensus is lacking. 28 A dose-escalation clinical trial of intravenous recombinant tissue plasminogen activator for the pediatric population has recently been proposed. 29 Currently, only 2% to 4% of the adult ischemic stroke population receives intravenous recombinant tissue plasminogen activator in the United States. 30 We examined eligibility rates for intravenous recombinant tissue plasminogen activator among acute ischemic stroke patients in our population-based 2005 epidemiological study and found that 8% should be eligible for intravenous recombinant tissue plasminogen activator. 31 The primary contraindication for intravenous recombinant tissue plasminogen activator was delayed arrival to emergency departments. If time was not an exclusion criterion, up to 29% of adult ischemic stroke patients might have been eligible for intravenous recombinant tissue plasminogen activator. 32 For this analysis, we sought to determine the rate of eligibility for recombinant tissue plasminogen activator in a population-based cohort of pediatric stroke patients based on standard adult eligibility criteria.
Methods
We ascertained all strokes (ischemic and hemorrhagic) and transient ischemic attacks among residents of the Greater Cincinnati/Northern Kentucky region of 1.3 million people, as part of the National Institutes of Health-funded Greater Cincinnati/Northern Kentucky Stroke Study. The study collected stroke events over 3 one-year periods: July 1, 1993, to June 30, 1994, and calendar years 1999 and 2005. Study research nurses screened the medical records of all inpatients with primary or secondary stroke-related discharge diagnoses (International Classification of Disease, Ninth Revision [ICH-9] codes 430-436) from all acute-care hospitals in the study region. In addition, the research nurses screened codes 437 and 438 (which have been shown to have a very low yield for identifying strokes in adults) at Cincinnati Children's Hospital to ensure complete capture of pediatric ischemic strokes. Once potential cases were identified, a study nurse abstracted information from medical records, including demographics, stroke symptoms, time of symptom onset, and arrival in the emergency department. Study physicians reviewed every abstract, along with all available neuroimaging studies, to verify the occurrence of a stroke. Institutional review boards at all participating hospitals approved this study. Detailed methods are published elsewhere. [33] [34] [35] To qualify as a case for the current analysis, a patient must have been younger than 18 years and must have had an acute ischemic stroke. For children 4 years and older, stroke severity was determined based by a validated method of estimating National Institutes of Health Stroke Scale score retrospectively, based on chart documentation. 36 Stroke onset was determined to be the time the child was noted to have any focal neurological deficit. This was typically based on parental report of when the child was last seen ''normal.'' Pediatric stroke cases were retrospectively evaluated for eligibility to receive recombinant tissue plasminogen activator based on absolute and relative contraindications ( 37 Cases were considered eligible for intravenous recombinant tissue plasminogen activator if they arrived within 3.5 hours from stroke onset to allow for treatment by 4.5 hours, per adult stroke guidelines. 38 The absolute criterion of less than 185/100 mm Hg for blood pressure in adults was used in this analysis, but this will likely need to be modified in a clinical trial of the pediatric population. Eligibility rates were additionally considered without using time as an exclusion criterion. 
Results
During the 3 study periods within our population of 1.3 million, there were a total of 49 pediatric strokes: 14 Table 1 . All 3 patients who presented within the 3.5-hour window had no absolute contraindication for recombinant tissue plasminogen activator besides age. However, 2 patients had relative contraindications to intravenous recombinant tissue plasminogen activator: seizures within 24 hours after presentation. Whether these seizures would have occurred prior to consideration of intravenous recombinant tissue plasminogen activator could not be determined from our data set. Ages of the 3 patients were 16 years, 15 years, and 348 days. Only the 16-year-old presented with no absolute or relative contraindication for recombinant tissue plasminogen activator.
Specific time of onset was recorded for only 6 of the 29 pediatric patients; 3 presented within 1 hour of symptom onset, and 3 presented more than 7 hours after onset (Figure 1 ). If time were eliminated as an exclusion criterion, 20 (77%) patients would have had no absolute contraindications to recombinant tissue plasminogen activator, and 5 (17%) would have had no absolute or relative contraindications to recombinant tissue plasminogen activator (Table 1 ).
Discussion
Within our pediatric population, only 1 of 29 subjects (3%) with ischemic stroke would have been eligible for recombinant tissue plasminogen activator, according to adult criteria, over the 3 separate study periods. If time and relative contraindications were not used as exclusions, 20 (77%) of the 29 children would have been eligible for intravenous recombinant tissue plasminogen activator over the 3 study periods.
By the most liberal estimates (excluding time and relative contraindications), 178 children would meet eligibility to receive intravenous recombinant tissue plasminogen activator in the United States annually. This calculation is based on (1) an ischemic stroke incidence for children younger than 18 years of 2.4 per 100 000 per year (95% confidence interval, 1.7-3.6) in the United States after adjustment for age, sex, and race, and (2) a population estimate of 74 431 511 children younger than 18 years, including neonates, in the United States in 2010 from the Centers for Disease Control and Prevention Web site. 39 Population-based eligibility rates could be even lower than what our analysis suggests despite our liberal assumptions. We used adult eligibility criteria for this analysis, as pediatric eligibility criteria have not been determined. Pediatric criteria are likely to be more restrictive. For example, blood pressure thresholds for children will likely be lower than the adult threshold of less than 185/110 mm Hg. In addition, it may be appropriate to exclude neonates. We also had a lack of data regarding some of the relative contraindications that could lead to further exclusions for intravenous recombinant tissue plasminogen activator therapy in this group.
Although our estimate of eligibility for intravenous recombinant tissue plasminogen activator in the United States did not exclude patients with relative exclusions, further discussion of the specific relative contraindication of seizures is warranted. Seizures in the setting of stroke are much more common in pediatric stroke patients (59%) compared with adult stroke patients (3.1%), based on a study of seizures among pediatric strokes from the same Greater Cincinnati/Northern Kentucky cohort. 33 Precise timing of the seizures was not available, but it was assumed these occurred prior to determining eligibility for intravenous recombinant tissue plasminogen activator and they were treated as relative contraindications to intravenous recombinant tissue plasminogen activator treatment in this analysis. However, if stroke had been confirmed by emergent imaging in these cases, these patients may have been eligible for intravenous recombinant tissue plasminogen activator despite this relative contraindication. This analysis is limited by a very small sample size, which is likely to reflect the low incidence of the condition. Although the population-based design may have missed some cases given the retrospective chart review, due to either misclassified in-patient ICH-9 codes, incomplete documentation in the medical record, underdiagnosis by clinicians, or presentations to outpatient settings, these limitations are unlikely to change our estimates in a meaningfully way. 40 The population-based design allowed for more comprehensive ascertainment of true rates in a population, including adult hospitals, and with less bias than that of a referral center cohort.
Our analysis suggests that up to 170 cases might be eligible for a clinical trial of intravenous recombinant tissue plasminogen activator in the acute pediatric stroke population study in the US population annually. Whether recombinant tissue plasminogen activator is safe and efficacious in this pediatric population needs further study, but recruitment will likely be very challenging because of limited availability of cases.
